Reinforcement of structures aims to control the input energy of unnatural and natural forces. In the past four decades, steel shear walls are utilized in huge constructions in some seismic countries such as Japan, United States, and Canada to lessen the risk of destructive forces. The steel shear walls are divided into two types: unstiffened and stiffened. In the former, a series of plates (sinusoidal and trapezoidal corrugated) with light thickness are used that have the postbuckling field property under overall buckling. In the latter, steel profile belt series are employed as stiffeners with different arrangement: horizontal, vertical, or diagonal in one side or both sides of wall. In the unstiffened walls, increasing the thickness causes an increase in the wall capacity under large forces in tall structures. In the stiffened walls, joining the stiffeners to the wall is costly and time consuming. The ANSYS software was used to analyze the different models of unstiffened one-story steel walls with sinusoidal and trapezoidal corrugated plates under lateral load. The obtained results demonstrated that, in the walls with the same dimensions, the trapezoidal corrugated plates showed higher ductility and ultimate bearing compared to the sinusoidal corrugated plates.
Introduction
Steel shear walls are used in construction of skyscrapers in most developed seismic countries such as United States, Japan, and Canada in recent four decades. These walls have great advantages over similar structures such as reinforced concrete shear wall and steel braces. Steel shear walls have several benefits, including high ultimate bearing, perfect plasticity, high energy absorption capacity, appropriate stiffness, low structural weight, low construction costs, high quality, and high speed construction. The overall structures of steel shear walls consist of boundary members such as beam and columns, and infill steel plates in the spaces between them. Steel shear wall is constructed in two types: unstiffened and stiffened. In the former, unstiffened walls, a series of flat plates with light thickness that their postbuckling field is used in overall buckling. In the latter, belt series or steel profiles are utilized as stiffeners with different arrangements of horizontal, vertical, and diagonal in one side or both sides of wall until the energy dissipation, stiffness, and ultimate bearing are increased. Use of the first type is completely uneconomic because for improving the hysteresis curve of the mentioned walls, it is necessary to increase the thickness of the steel plate until the plate does not buckle before yielding of it; this increase in thickness makes it uneconomic. On the other hand, the second type of steel shear walls that strengthens the plate by a series of stiffeners is economical and quite effective. When stiffened steel shear walls are used, the hysteresis curves turn to spindle-shape from S-shape, which increases the hysteresis curve area. However, due to welding operations, this method demands high executive cost for joining the stiffeners to wall.
An appropriate alternative is using corrugated steel plates that demand a lower cost and also enjoy ductility. In addition, in the corrugated plates, the corrugate function is similar to that of stiffeners, and also these plates have appropriate stiffness. Performance of steel shear walls is similar to plate girder; as can be seen in Figure 1 , plates, columns, and beams of steel shear walls are the same as webs, flanges, and stiffeners of plate girder, respectively [1, 2] . A great deal of research has been done on stiffened and unstiffened steel shear walls and trapezoidal web profile sections (see Denan et al., 2010; De Matteis et al., 2008; Stojadinovic; and Tipping, 2008) , and several theoretical works have been proposed [3] [4] [5] [6] [7] .
Investigations on plate girder with corrugated steel plate have been done on laboratory activities of Wang (2003) , Chosa et al. (2006) , and Irizarry (2009) [8] [9] [10] . According to experimental activities and the cost of these types of studies, the investigation was limited to negligible component of these systems. Therefore, different components of corrugated plate such as thickness effect, wave's height, wave's lengths, stiffness of the boundary elements, and the effect of opening on the wall behavior have been neglected.
Failure Modes of Corrugated Plates
Geometric properties of trapezoidal and sinusoidal corrugated plate are shown in Figures 2 and 3 .
Mainly, the infill plates provide and control the shear capacity of frame by their buckling or through failure. Pure shear stress is only significant stress in these structural members. In corrugated plates, the yield shear stress can be determined by the following:
where signifies the yielding strength of steel [11] [12] [13] .
There are two types of buckling control of the corrugated plates: overall buckling and local buckling. The local buckling mode of corrugated plates is formed in flat panels of trapezoidal corrugated plates and along the horizontal edge according to Figure 4 . In this span, corrugated plates are connected to their short edges of column flange. In these conditions, the local buckling studied in isotropic plates and elastic critical shear stress for the local buckling mode is defined by (2) in trapezoidal and (3) in sinusoidal plates [11, 12, [14] [15] [16] :
where is the corrugated plates' thickness, denotes the length of wave in trapezoidal corrugated plate in which the local buckling occurs, signifies the actual length of corrugate in plate with sinusoidal corrugated plate, represents modulus of elasticity,^stands for Poisson ratio of steel, and is shear buckling coefficient in the local buckling mode and its value is dependent on boundary conditions and the panel's aspect ratio ( /ℎ ) where ℎ denotes the height of the plate.
According to Figure 5 , the global buckling is formed with global diagonal buckling of multiwaves in corrugated plate. In this case, the critical shear stress is estimated with respect to corrugated plate as an orthotropic plate [17] [18] [19] .
Elgaaly in his laboratory research on the Trapezoidal corrugated plates showed that if the waves of corrugated plate are large, the local buckling can be formed in the horizontal portion of each corrugated plate, and if the lengths of waves are small, then the global buckling can be formed in plate without controlling [20] . The above equations were used in plate girder with trapezoidal and sinusoidal waves. Therefore, this paper makes a comparison between the trapezoidal corrugated plates and the sinusoidal plates using Finite element method.
Modeling and the Validation of Simulation
This section explains the assumptions on finite element (FE) modeling and evaluates the methodology selected for validation of simulation in the software modeling.
Assumptions and the Validation of Modeling.
In this part of study, the plate girder with trapezoidal web plate is investigated under monotonic loading. The geometric properties of plate girder on software are shown in Figure 6 and Table 1 .
The steel material consumed in the model has elasticplastic curve of strain-stress with modulus of elasticity 200 Gpa, Poisson ratio of 0.3, and yield strength of 355 Mpa. The von misses criteria are used for evaluation of mode result because the steel material was applied. The force and displacement criteria are the conversation criteria. The element of shell 143 is used for flange, web, and stiffener of experimental plate girder modeling in ANSYS software. Figures 7, 8, 9 , and 10 show the experimental activities of Usman (2001) on three plate girders used in one-span beam with simple supports that the monotonic load were applied on first onethird (A), mid one-third (B), and end one-third (C) of the beam span [21] . The arc-length method was used to solve the numerical models, and the size element meshing and time stepping were considered 50 mm and 0.001, respectively, for good accuracy and conversation. The finite element modeling of these activities are shown in Figures 11, 12 , and 13.
Regarding the results related to three-point loaded which are demonstrated in Table 2 , the modeling in ANSYS software has more reasonable accuracy than experimental models. This represents the accuracy of modeling, chosen elements, and the assumptions. Minor differences in results of comparison presented in Figure 14 are due to the type of verification tools.
Numerical Modeling and Analyses of Steel Shear Wall.
The numerical analyses were performed on one story and one span wall with 3000 mm width and 2600 mm height. The boundary member was IPB180 and IPE180 for columns and beam, respectively. The infill plate used in this wall was sinusoidal and trapezoidal corrugated plate that was connected to surrounding frame rigidity. The geometry and meshing configuration of these walls are shown in Figure 15 . The walls were clamped to support the bottom of wall and the wall's frame was simply supported in order to prevent out of plane displacement that may occur due to concentration load that acts on top of beam to column connected location. Figure 13: FE model of TS600-3-C. The load is applied on columns in uniform increase form. In these models, an elastic-plastic material model was assumed with yield strength value of 240 Mpa, modulus of elasticity of 200 Gpa, and Poisson ratio of 0.3. Also the geometric nonlinearity was used due to large displacement.
Evaluation of the Parametric Study Results
In this part, the effect of some geometric properties such as thickness of plate, depth or wave height of plate, length of wave, corrugated density, and stiffness of beam and columns on corrugated steel walls were investigated. In the following paragraphs, the results of these parameters are presented in detail.
The Thickness Effect of the Corrugated Plate.
The thicknesses that are considered for study of thickness effect in sinusoidal and trapezoidal corrugated plate are 1.5, 3, 5, 10, 15, and 20 mm. In these models, the columns and beam are considered the IPB180 and IPE 180, respectively. The geometric properties of applying plate are demonstrated in Tables 3 and 4 , where signifies the horizontal projection of one wave on sinusoidal plate, is the horizontal panel width in trapezoidal plate, ℎ denotes the corrugation magnitude, presents the plate thickness, is the unfolded length of one corrugation in sinusoidal plate, represents the inclined panel width in trapezoidal plated that is the horizontal projection of the inclined panel width, stands for the horizontal projection of one wave on trapezoidal plate, is the corrugation angle in trapezoidal plate, and ℎ/2 and ℎ/ coefficients are the corrugation density in corrugated plates.
Tables 5 and 6 demonstrate the finite element modeling results of two different types of corrugated plate base on different thickness.
According to the results shown in Figure 16 for sinusoidal and trapezoidal corrugated plates with six different First specimen TS600-3-C Figure 14 : Load-deflection curve of experimental and ANSYS models of TS600-3. thicknesses, the ultimate bearing capacity is increased with increasing the thickness. Additionally, with an increase in the plate thickness, out of plane deformation of the wall accelerates the formation to plastic hinge around the beam to column connection. It is necessary to explain that although the result of increasing of thickness on ultimate bearing was predictable, it is a reason for accuracy of software performance. With compression of the results shown in loaddisplacement and energy-displacement curves in sinusoidal and trapezoidal steel corrugated plates and with noting that corrugation density is equal to 0.16 for both plates, it is shown that corrugated plate with trapezoidal wave has more ductility than sinusoidal wave. Then, according to the obtained results, it has more energy dissipation. In both walls, with a low thickness, the trapezoidal plate has better performance in ultimate bearing and energy dissipation compared to the sinusoidal plate; however, in high thickness of plate, the sinusoidal plate has more ultimate bearing than trapezoidal plate; furthermore, in this condition, the sinusoidal plates are yielded under buckling, while the trapezoidal plate is yielded under the plastic hinge formation on beam.
The stiffness performance of one story steel shear wall system with sinusoidal and trapezoidal corrugated plate under in-plane load is shown Figure 17 , showing that with increasing of the plate thickness, the stiffness is increased in elastic and postelastic range. Also the stiffness of all models is gradually decreased without any abrupt change even at the onset of shear buckling. Moreover, with increasing of the plate thickness, the sinusoidal corrugation plate has more stiffness than trapezoidal corrugated plates. Moreover, the stiffness drop slope is more in trapezoidal plates.
The Stiffness Effect of the Boundary Members.
To study of the boundary members such as beam and column in corrugated steel shear wall, the six different sections of IPB for column are used in sinusoidal corrugated plate, where the length of wave is 60 mm, the height of wave is 19 mm, and thickness of plate is 3 mm. The columns studied in this section consist of IPB200, 220, 240, 260, and 300, and unique section of IPE180 for beams are used in these six models. In these models, with an increase in the section area of column, the ultimate bearing increases due to increasing of stiffness (see Figure 18) . However, the energy dissipation does not have any determine process. As mentioned before, with increasing the column section area, the stiffness of system has been increased about 3 to 15.6 percent. The beam sections investigated in this paper are IPE 180, 200, 220, 240, 270, and 300, and the column section is selected IPB180. According to Figure 19 , with increasing the beam section, the ultimate bearing and stiffness of frame are increased. With an increase in the beam section, the stiffness performance is increased about 3 to 14.3 percent.
Corrugation Depth Effect in Corrugated
Plates. The corrugation depth is one of parameters that increased lateral stiffness of corrugated plates. In this part, the effect of corrugation depth is studied on steel shear wall behavior with sinusoidal and trapezoidal corrugation. To examine the corrugation depth effect on sinusoidal corrugated plates, six specimens with different height of 19, 30, 40, 50, 56, and 60 mm are used. The geometric characteristics of these plates are shown in Table 7 .
The results of these specimens under in-plane load are shown in Figure 20 . These results demonstrate that with increasing of the corrugation depth, the ultimate bearing in sinusoidal plate and ductility significantly increase. The most important obtained result is that with increasing of the corrugation depth, the stiffness value decreased 4.2 to 17.6 percent. Figure 21 shows that the ductility, energy dissipation, and ultimate bearing are increased with increasing the corrugation depth or corrugation density coefficient.
To investigate the effect of corrugation depth on the trapezoidal corrugated plates, five specimens whose characteristics are shown in Table 8 are used.
According to Figure 22 , increase of corrugated height has insignificant effect on ultimate bearing and ductility. In addition, the stiffness performance of wall has been uniform. 
The Corrugation Length Effect of Infill Corrugated Plates.
In this part, the seven specimens sinusoidal and four specimens trapezoidal corrugated plates are for studying the corrugation length. The geometric characteristic of these models is shown in Tables 9 and 10 where signifies the corrugation length of sinusoidal plate equal to and equal to + in trapezoidal corrugated plates. According to Figure 23 , the ultimate bearing of wall decreased with increasing of the corrugation length, and the walls lose their bearing due to global buckling failure. According to the stiffness performance of sinusoidal corrugated plate, it is shown that the initial stiffness has not changed due to increasing of the corrugation length, and the ductility of wall has changed particularly. Figure 24 shows that ultimate bearing and ductility have decreased with increasing of the corrugation length. Furthermore, it is shown that the performance of stiffness has increased with increasing the corrugation length of trapezoidal corrugated plate, but the losing stiffness process is shorter along the deformation of wall that was due to a decrease in their energy dissipation.
Conclusion
In this paper, an investigation was done on the geometrical characteristics of sinusoidal and trapezoidal corrugated onestory steel shear walls subjected to uniform lateral load, and the following results were obtained.
(1) With increasing of the corrugated plate thickness in steel shear walls, the ultimate bearing and ductility increase significantly. The obtained results of two types, namely, sinusoidal and trapezoidal corrugated plates with similar corrugation depth, showed that an increase in the thickness in sinusoidal plates caused an increase in stiffness and ultimate bearing, while this condition in the trapezoidal plate led to an increase in its ductility.
(2) Increasing the stiffness of boundary members (i.e., beam and columns) caused the ultimate bearing and ductility to be enhanced 3 to 15 percent; however, the steel wall as a whole did not change significantly.
(3) Another parameter that is investigated in this paper is the corrugated depth. The corrugated depth was shown to be more effective on stiffness and ultimate bearing of sinusoidal plate compared to trapezoidal corrugated plates.
(4) In steel shear walls with trapezoidal corrugated plates, the walls ruptures in low thicknesses of plate are due to overall buckling, and, in medium thicknesses, this is due to local buckling in infill plate of frame, and, in high thicknesses, this is due to formation of a plastic hinge on upper beam.
(5) The corrugation density coefficient is one of the important parameters on other plates. The changes of this parameter were shown to be more effective on sinusoidal plate; increasing of these parameters caused a significant increasing process in stiffness, ductility, and ultimate bearing.
(6) An increase in corrugation length caused a decrease in the ultimate bearing and an increase in the stiffness of trapezoidal plate, but it caused no change to the stiffness of sinusoidal plate.
